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Stingcorrectionsto zero-liftdragof
axisymmetricbodiesin transonicflow
ABSTRACT
I
!
I
I
I
i
Experimentsat transonicspeedshavebeen performedon
severalboat-tailedafterbodiesandstingcombinationswith a
viewto assessingstingcorrectionstothemeasuredafterbody
drag at transonicspeeds. Measurementsmadeincluded
afterbodytotaldragandbasepressurein the Machnumber
rangeof 0.6-1.0andReynoldsnumberangeof 8-9.5x 106.
Correlationsof basepressureandboat-tailpressuredragfor
thestingdiameterandflareeffectshavebeenproposedusing
dimensionalarguments.The correlationsprovidequickand
reliableestimatesfor correctionsthatcan be appliedto the
measuredzero-liftdragof axisymmetricbodieswith either
contouredor conicalboat-tailing.
NOMENCLATURE
A
CDA
CDB
CDF
CDf!
j
Cf
CDf!*
Cpb
db
dm
ds
€
Moo
q",
Reoo
r
~
1)
e
forebody(max)crosssectionalarea
total afterbodydragcoefficient,
total dragforce/(qooA)
basedragcoefficient,
basedrag/(qooA)
boat-tailskinfrictiondragcoefficient
boat-tailpressuredragcoefficient,
pressuredrag/(q""A)
skin frictioncoefficient
boat-tailprofiledragcoefficient(= CDA - CDB)
basepressurecoefficient
basediameter
forebody(max)diameter
stingdiameter
stinglength(seeFig. 1)
free streamMach number
free streamdynamicpressure
free streamReynoldsnumber
forebody(max)radius
boat-tailangle(seeFig. 1)
boundarylayerthickness
stingflareangle
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1. INTRODUCTION
Windtunneltestingofaircraft,missileandotheraxisymmet-
ricmodelsgenerallyinvolvesrear-mountedstingsupports
andtheaerodynamicinterferenceofferedbythemcontinues
tobeaproblem,particularlyattransonicMachnumbers.The
aerodynamicquantitymostaffectedis the dragof the
afterbodyin viewof its proximityto the supportsystem,
althougheffectsonliftandpitchingmomentcanbeimportant
inmanycases.Reliablemethodsforprovidingcorrectionsto
themeasuredataarerequiredbeforethedatacanbeused
indesignor forextrapolationto flightconditions.Theflow
fieldbehinda bluntbasein thepresenceof thesupport
systemissufficientlycomplexthatrationalpredictionproce-
duresfor determiningcorrectionswouldinvolveelaborate
computingandhencearenotgenerallysuitableforday-to-
daywindtunneltestingpractice.Theemphasisnliterature
thereforehasbeentosuggestempiricalcorrelationsforsting
effects(seeCahn(l),McDonaldandHughes(2»).
d'U
Figure1. Sketchdefiningafterbodyandstinggeometrical
parameters.
Thetotalafterbodydragcoefficient,CDA,whichis com-
posedof theboat-tailpressuredrag,CDf!,theboat-tailskin
frictiondrag,CDF,andthebasedrag,CDB,dependson a
numberofgeometricalparametersoftheafterbodyandsting
andrelevantflowparametersaheadof theafterbody.A
schematicof an afterbody-stingcombination,defining
variousgeometricalparametersi shownin Fig. 1. Sting
effectsmaybe classifiedunderstingdiameterandflare
effects,thelatterdependingonthelocationof flarefromthe
base.For f ~ 0ordb/€~ 00, theflarebeginsatthemodel
baseandweshallrefertothisgeometryasa taperedsting.
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As e increases,theflareeffectwilldecreaseandthesting
diameterffectdominate.For £ ~ :X) ordtJe~ 0, onlythe
stingdiametereffectwillbepresent.
Experimentalinvestigationshaveprovidedthemostvalu-
ableinformationonstingeffects.Althougha largebodyof
dataonstingeffectsexistin literature(seeTuttle and Gloss(3);
TuttleandLawing(4)),systematicstudiesattransonicspeeds
devotedtoprovidingdataevenforcorrelationpurposesare
veryfew.A majorsourceofdataresultedfromasystematic
paratnetricstudycarriedoutbyCahn(!)intheMachnumber
rangeofO.gto 1.10andReynoldsnumberrangeof 15-17.4
x 1()6.Basedon testson a varietyof afterbody-sting
combinations,he presentedan approximate( mpirical)
methodfor stingcorrections,validin the limitedMach
numberrange(andReynoldsnumber)ofthetests,andfor
thedifferentafterbodygeometriesstudied.However,the
experimentsmadeby Cahnincludedveryfew afterbody
modelswith13<16°,whicharemoreoftenencounteredin
practice.McDonaldandHughes(2)utilisedCahn'saswellas
otherdataincludingjeteffectsandpresenteda methodof
correlationof afterbodydragin thepresenceof apropulsive
jetorasupportsting.Theirempiricalcorrelations,derived
froma carefulanalysisof data(onbothcontouredand
conicallyboat-tailedbodies)ata Machnumberof 0.9,were
assumedvalidin theMachnumberange0.6to0.9andfor
attachedflowon theafterbody.Thegeneralvalidityorthe
usefulnessof theircorrelation(basedonlimiteddataavail-
ableatthattime)doesnotseemtohavebeenassessedinthe
literature.Sykes(5)suggestedacorrelationforthetotalafter-
bodydragbasedonalimitedseriesoftestsontwoconically
boat-tailedafterbodies(with13=7.5°and9°)in theMach
numberange0.7 to 1.15.In addition,he modifiedan
expressiongivenby TunneH<6)for theflare effectand
proposeda correlationfor the basepressurewhichis
applicablefor £/db;:. 2 and showsthatthe flareeffect
diminishesfor £/db~6.
-OM
Fromtheprecedingdiscussionit appearsevidenthatnot
muchusefuldataexistsintheliteraturevenforattempting
generalisedcorrelationsfor stingeffectsontheafterbOdy
I
dragattransonicspeeds.Mostearlierstudieshavedealtwith
specificafterbody-stingcombinations,possiblybecauseof
their relevance.inp~acticalpplications.ThepresentworkIS
I
'
anattempttofIll thIslacunatosomedegreeandtoprovide
generalisedcorrelationsusefulfor quickestimationof sting
corrections.Taperedstings(£~ 0)areinvestigatedin etail
in thisworkinviewoftheirwideapplication;correlationsfor
stii1gdiameterffectarealsoincluded.
1
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2. EXPERIMENTS
Experimentshavebeenperformedin a 38em x 30em
transonicwindtunnelintheMachnumberange0.7to1.0.
The freestreamReynoldsnumberbasedonmodelengthof
30.5cm(seeFig.2)variedbetween8 x 106-9.5X 106inthe
aboveMachnumberange.
2.1 Modelsupportsystem
A sketchof the modelsupport systemalong with the
afterbodymodelandstingis shownin Fig.2. The instru- .
mentedpartconsistsofa30mmlongcylindricalsectionand i
a removableafterbody100mmlong(Fig.2).The balance
(designedfor an axialloadof 2.25kg)measuresthetotal
axialforcexperiencedbytheinstrumentedpartofthemodel
andprovidesdirectmeasurementof totaldragchangesdue
to thepresenceof thesting.Basepressureismeasuredata
singlelocationonthemodelcentreline.Thestingswerefixed
fromtherearportionoftheforksupportsystemsothatthere
wasanarrowgap(about0-5mm)betweenthebaseplane
andthefrontfaceof thesting.Thisarrangementenabledthe
quickremovalndfixingofdifferentstings.
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Figure2.Sketchofmodel-stingsupportsystem.
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All testswerecarriedout at zero incidence.The model
boundarylayerwastripped(usingcarborundumgrit of size
40over awidthof 12mm)in thenoseregionatadistanceof
25mm fromthe apex. In viewof the relativelyhigh unit
Reynol~snumberof the freestream(about0.3 x 106per
cm), ~ expectransitionto have occurredimmediately
downsireamof the trip with a turbulentboundarylayer
growingovera largepartof themodel.Themeasuredsting-
free base pressurekveis, for e~ample,on differentboat-
tailed afterbodies(as well ason a cylindricalafterbody(7»
stronglysupportheaboveview;thedataindicate(figurenot
shown) broadagreementwithwhatwouldbeexpectedwith
turbulentboundarylayerflowontheafterbody(seeCahn(I),
Cubbage(8».
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2.2 Afterbodymodelsandstings
Table1showsthegeometricdetailsof thevariousafterbody
modelstested.Two circulararcandfourconicallyboat-tailed
modelswerechosenfor thisstudywith aviewtocomplement
thedatasetofCahn;theboat-tailangleswereselectedto be
in the lowerrange([3 ~ 160)to be usefulin practical
applications.
The geometricdetailsof varioustaperedstings(51-56)
testedareshownin Fig. 3;thetaperor flareanglewasvaried
in therange1.50to SOagaintocomplementthedataof Cahn.
To assessthestingdiametereffects,testswerealsomadeon
fourcylindricalstingshavingdiametersof6.25,8.35,11.8and
16mm.
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TABLE1
Geometricdetailsof afterbody models
* Angleatthebaseplane
Lengthofafterbodymodels:100mm
2.3 Measurements
Axial force of the afterbodywasmeasuredwitha balance
describedearlier.Theuncertaintyinthesemeasurementswas
withini::O.OO9kg.Thebasepressureandthepressurein the
gapbetweenthetwo bodysections(atthesplit)wereboth
measuredrelativeto the freestreamstatic pressureusing
differentialtransducerseachhavinga rangeof 35kPa.
Assessmentofflowseparationaheadof themodeibasewas
madeusingcolourSchlierentechnique,andforsomecon-
figurationssurfaceoil flowvisualisationwasalsoused.
2.4 Assessmentofwallandsupportsysteminterference
In planningtheexperiments,ufficientcarewastakento
minimisepossibleinterferencesonthemeasurementseither
fromthewallsor thesupportsystem.The topandbottom
tunnelwallswereslottedwithanopenarearatio f8%and
themaximumsolidblockageof themodel(includingthe
supportsystem)wasabout1.3%whichis smallenoughfor
anyblockage ffecto be insignificant.The forksupport
systemusedhassimilaritieswiththesystemsusedin sting
interferencestudies(Cahn(\),Glossand 5ewall(9).Minor
interferenceeffectsfromthesupportsystem,if any,should
notmateriallyaffecthe measureddatasincetheprimary
interestin thisworkis to determine"changesinafterbody
dragdueto stingeffects"ratherthanthe (absolute)drag
values.Furtherevidencein supportofthisviewiscontained
inSection3.3.
3. RESULTS AND DISCUSSION
Beforepresentingindetailtheresultsfor thestingdiameter
andflareeffects,wefirstexaminethelikelyeffectsof"sting
positioning"employedin thisstudy;the stingwasnot
introducedinsidethe afterbody(unlikein conventional
testingpractice),butformedanarrowgapbetweenthebase
andthefrontfaceofthesting.Measurementsweremadeon
atypicalcontouredafterbody(withdiJdm=0.5andj3=8°)
withbothstingconfigurationsmentionedabove.Resultsof
basepressurecoefficient,Cpb,andboat-tailprofiledrag
coefficient,CD~*,(Fig.4) showsexcellentagreementbe-
tweenthe twoconfigurationssuggestingthat thescheme
adoptedin thisstudyprovidesrealisticstingeffects.
In whatfollows,wepresentypicalresultssufficientfor
furtheranalysisanddiscussion.A detailedaccountof this
investigationcontainingall theresultsi availableinRef.10.
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Notation dm, db, {3,Geometry mm mm deg
CA-5 25 18.2 5*
L==J CA-12 25 12.6 12*
CIRCULARARC
CO- 4 25 16 4
L==J CO- 8 25 12.8 8CO-12 25 12.8 12
CO-16 25 13-0 16
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Figure4.Effectof stingpositioningonbasepressureanddrag.
3.1 Stingdiametereffects
Typicalresultsof basepressurecoefficientCpbandboat-tail
profiledragcoefficientCDI3* for threeafterbodiesareshown
in Figs5-7withstingdiameterasavariable.Theverticalbar
in thesefigures(andmanyto follow)indicatestheestimated
typicaluncertaintyin CVI3*'Lineshavebeendrawnthrough
the datain thesefiguresfor visualclarity. At eachMach
number,thereis a progressiveincreasein thebasepressure
anda reductioninboat-taildragwithanincreaseinthesting
diameter.These are qualitativelysimilar to the results
obtainedin manyearlierstudies(e.g.SykesandCahn).The
reductionin CVI3*iscausedby thepositivepressurefield(the
upstreaminfluenceeffecton potentialflow) imposedon the
afterbodydueto thesting.The increasein basepressurewith
stingdiameteris causedby theprogressivedecreasein the
(axisymmetric)stepheightto boundarylayerthicknessat
separation.
Interestingly,for eachsting,thechangesin basepressure
andCVI3*relativetods=0appeartobenearlythesameover
therangeof MoocoveredexceptforaroundMoo=1.In the
neighbourhoodofMoo= 1.0,thebaseflowfieldandthedrag
variationareknownto be complexandverysensitiveto Moo
(e.g.Swamyeta/(II».For all theabovecases,theflowon the
afterbodywasattachedasrevealedbySchlierenvisualisation.
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The resultsfor the afterbodyCO-16 (Fig. 8) showsa
differenttrendfor Cpb;basepressuredecreaseswithMoo,and
further,thechangesin Cpbrelativeto thenostingcasehasa
strongdependenceon Machnumber.Schlierenandsurface
oil flowobservationsshowedseparatedflowontheafterbody
for Moo= 0.90evenin theabsenceof thesting;theconstancy
of Cpbat M~ = 0.95and1.0in thepresenceof thestingis a
featurethatcanbeexpected ueto separatedflowaheadof
thebase.The boat-tailprofiledrag,on theotherhand,still
reflectssomefeaturesqualitativelysimilartotheunseparated
casesdiscussedearlier.
3.2 Stingflareeffects
Flareeffectswerestudiedonall theafterbodiesshownin
Table 1 withthe exceptionof CO-16, whichinvolved
afterbodyflowseparationevenintheabsenceofthesting.It
wasapparenthatthe resultswithflow separationwould
exhibita differentbehaviourcomparedto attachedflow.
TestswithtaperedstingsthereforewerenotmadeonCO-16
sincetheflowseparationwouldthenbeaggravatedfurther.
Figures9 and10displayresultsof CpbandCDP*for two
afterbodiesandtaperedstingcombinations;resultsfor the
diametereffectalonearealsoincludedin thesefiguresto
enabletheassessmentof flareeffectsfor a fixedvalueof
d/db.Theseresultsexhibitrendsqualitativelysimilarto the
stingdiametereffect.As maybeexpected,boththebasedrag
andboat-tailprofiledr2gdecreasefurtherdue to the
presenceof aflare.Interestingly,aswiththestingdiameter
effects,thechangesin CpbandCDp* duetotheflareangle
appearnearlyinsensitiveto thefreestreamMachnumber
exceptaroundM~= 1.Theabsenceof flowseparationfor
allthedatashownin Figs9and10wasagainconfirmedby
Schlierenobservations.
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Figure8.Stingdiametereffects:ModelCO-16.
3.3 Correlations
The resultsof basepressureandboat-tail profiledrag as
influencedbythegeometricalparametersof thesting(Figs
5-10)suggestthatcorrelationsmaybesoughtfor thechanges
in base pressureand boat-tail pressuredrag due to sting
diameterandflare effects.The two effectsareconsidered
separateandassumedadditive.
We maywrite
L Cpb=/':,Cpb(ds)+ f:-.Cpb(6)
LCDp = L.,CDP(ds)+ f:-.CDP(6)
wheref:-.CpbandLCDP representhetotalchangein Cpband I
CDP,respectively,dueto stingdiameterandflareeffects.
Withturbulentboundarylayerflowontheafterbodyathigh
Reynoldsnumbers,in general,we mayexpecthebase
pressureandtheboat-tailpressuredragto dependon
M~,Re~(flowparameters),
dm,db,f3(afterbodygeometricalparameters),and
ds,e (stingeometricalparameters).
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Using dimensionalanalysis,wemaywritefor a taperedsting,
Cpb(ds,6)= Fl(Mx" Reoo,dbldm,~, d/db, e)
CDf!(ds.8)=F2(M",, Reoo,Mdm, ~,dJdm,e)
. (1)
. (2)
Equations(1)and(2)arenowutilisedtowritethefollowing
expressionsforthediameterandflareeffectsrespectively:
(a)Stingdiametereffect~(6.=0)
For fixedvaluesof (Moo,Re"" dbldm,13),wehave
6Cpb(ds)=Cpb(ds.O)- Cpb(O,O)= /I(dJdb)
~ CDf!(ds)= CDMds,O)- CDf!(O,O)=fz( dJdm)
. (3)
. (4)
(b) Stingflareeffect:
For fixedvaluesof (Moo,Re"" dbldm,13,ds/db),we have
~ Cpb(6)= Cpb(ds,8)- Cpb(ds.O) =h(6)
6 CDf!(8)= CDf!(ds.8)-CDf!(ds,O)=/4(6)
. (5)
. (6)
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Figure10.Stingflareeffects:ModelCA-12.
We nowexaminetheusefulnessof therelationshipsgiven
byequations(3),(4),(5)and(6)andassessthesensitivityof
otherparametersbyplottingthedataobtainedinthepresent
experimentsa wellasthoseofCahn.
For thepresenttests,thechangeinboat-tailpressuredrag
(6CDf!)wasinferredin thefollowingmanner.For each
afterbodyandgiven!Jowconditions,thevariationsin Cf (on
the afterbody)with andwithouthe stingwereassumed
small;thesevariationsarisefromtheslightlyalteredpressure
fieldontheafterbodyduetothepresenceofthesting.This
assumptionwasverifiedbycomparingskinfrictiondistribu-
tionsobtainedfromcomputercodesfor bothinviscidand
turbulentboundarylayerflow(withandwithoutasting),for
a fewcasesofcontouredafterbodiesat a Machnumberof
0.8. For eachafterbody-stingcombination,!::::.CDf!was
thereforeinferredbyappropriatesubtractionofthevaluesof
CDf!*'Forexample,
6CDf!(ds) = CDf!*<ds,O)- CDf!*(O,O);and
6CDf!(8) =CDf!*(ds,8) - CDf!*<ds.O).
The correlationplotsareshownin Figs 11-14;eachsymbol
in thesefiguresrepresenta givenafterbody-stingcombina-
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Figure11.Correlationofbasepressureduetostingdiametereffect.
tian. Wehavefurtherutilisedtheobservation(discussedin
Section3.1and3.2)thatthechangesin CpbandCD[J*are
sensiblyindependentof Machnumberin therange0.7to
0.95.
The dataplotted in the non-dimensionalparameters
suggestedbyequations(3)and(4) for thestingdiameter
effectareshownin Figs11and12.Excellentcorrelationof
basepressuremaybe seen(Fig. 11)whichsuggeststhat
f:,.Cpb(ds)i determinedbylocalgeometricalparameters,and
sensiblyindependentoffreestreamReynoldsnumberaswell
as theafterbodyshape.Ontheotherhand,thechangesin
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}004 r f" CT-16 Cahn (19581if CT-8cf CT- 16
(3'
- --16
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4
-bCO(3 Ids)
001
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Figure 12. Correlation of boat-tail pressure drag due to sting
diameter effect.
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Figure 13. Correlation of base pressure due to sting flare effect.
boat-tailpressuredrag(Fig.12),showdependenceon two
afterbodygeometricalparameters.This is understandable
sinceatleastwoparametersarerequiredtocharacterisethe
afterbodyshape.Increasedragreductionwithincreasing13
(for a fixedvalueof dsldm)perhapsreflectstheincreased
upstreameffectof thestingathigher13.
Correlationsfor the stingflare effects,in the non-
dimensionalparametersgivenbyequations(5)and(6), are
shownin Figs13and14.Exceptfor a dependenceon13,no
systematiceffectofotherafterbodyshapeparameterscanbe
discerned.Theincreasedragreductionwithincreasing13
(foranygivenvalueof 6) isagainto beexpected(Fig. 14)
basedon upstreameffectconsiderations;thelowerbase
pressurechangesseenatthehigher13(Fig.13)islikelyto be
aneffectoftheretardedboundarylayersaheadofseparation
dueto thehigheradversepressuregradientsontheafter-
body.
The successof thecorrelations(Figs 11-14)revealstwo
importantfactors.First,theconsistencyandagreementof the
basepressureanddragdataobtainedin thetwoinvestiga-
tions;theafterbodypressuredragwasobtainedbyintegra-
tionof surfacepressuresinCahn'swork,asopposedto the
useof balancein thepresenttests.Second,theinsensitivity
of the correlationsto thefreestreamReynoldsnumber
betweenCahn'sexperimentsandthepresentwork(a factor
of two).
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}£. CT-16if CT-8 Cahn(195810' CT-16
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0.01
---12.16
, --
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Figure 14. Correlation of boat-tail pressure drag due to sting
flare effect.
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Figure15.Comparisonof measuredcorrectionswith estimates
from correlations:Presentdata andCahn.
To enablequickestimatesof stingcorrectionsfor usein
practicalapplications,implexpressionsarefittedfor the
linesdrawnthroughthedatainFigs11-14.Thesexpressions
(describedin Appendix1)areshownplottedin Fig. 15
againstourmeasurementsaswellas thoseof Cahnwhich
indicatesverygoodagreementconsistentwiththeaccuracy
of themeasureddata.
3.4 Comparisonwithadditionaltestcases
Withaviewtoassessingthevalidityof theabovecorrelations
further,severalnewtestcasesinvolvingdifferentafterbody-
stingcombinationsweregeneratedas a partof thisstudy.
TheseconfigurationsareshowninFig. 16andmeasurements
weremadewithandwithoutthestingin theMachnumber
range0.7-0.95.Additionaltestdatawasalsoobtainedata
freestreamMachnumberof0.6forexaminingtheeffective-
nessof thecorrelationsatlowerMachnumbers.
Figure17 showscomparisonsof the estimatesusing
expressionsAI-A4 withactualmeasurementsof tingeffects
for all thetestcasesdescribedabove.Theagreementisseen
to beatleastasgoodasinFig.15(whichprovidedatafor
thecorrelations),exceptpossiblyfor thecaseCT-12/S9in
whichataperedsting(usingthedefinitionadoptedhere)is
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Figure'18.Comparisonofmeasuredcorrectionswithestimates
fromcorrelations:DataofSykesandKurn.
not used.Estimateshownforthiscasehavebeenmadefor
theequivalentflareangleof11°(shownbyachainlineinFig.
16) whichseemto comparereasonablywell with the
measurementsalthoughthevalueof9(=11°)isoutsidethe
rangeof flareanglesusedtoestablishthecorrelations.The
agreementof all testcasesatMoo=0.6mayalsobeseento
be excellent.
J
3.5 Comparisonwithearlierdata
Earlier datareportedbySykes(5)ontwoconicalboat-tails
and of Kum(12)on two tangentogiveafterbodiesare
examinedinthelightofthepresentcorrelations.Kurn'sdata
correspondto taperedstingswhileSykes'data are on
diametereffects-Comparisonswiththeestimatesfromthe
correlations(Fig. 18)showgoodagreementwith Sykes'
data*,whilethemeasuredstingeffectsareconsistentlylower
in Kum'sexperiments.
*Correlationestimatesof(.6.CD!!)fortheafterbodywithdb= O'87dm
havenotbeenincludedinFig.18since,forreasonsnotcleartous,
the datashowsonly a smallchangein .6.CD!!overa significant
variationofdJdb.
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Sincethemod~!configurationusedby Kurninvolveda
long forebody(a cylinderextendingall thewayinto the
contractionof the windtunnel),as opposedto a finite
forebody(
]'thafinenessratiointherange6-7)inthepresentas well as ahn'stests,it waslogicalto examineif theobserved ferencesabovecouldbe dueto theboundary
layertransversecurvatureffectsin Kum'sdata.Estimates
ofcurvatureparameter(o/r)atthebeginningoftheafterbody
showsthatit isabout0-07inKurn's-::xperimentsbutranges
between0.18and0.21in theothers.This viewgetsadded
I supportfromtheobservedvetteragreement(in a relative
sense)of Ii Cpb(Fig. 13)withanincreaseinbasediameter
from0.28to 0.70dmin Kum'stests,althoughsuchan
improvementis not evidentin the l::,CD!! comparisons.
Apparently,boundarylayertransversecurvatureeffectscan
affectthebasepressureandboat-tailpressuredragsignifi-
cantly.Withtheavailabledata,wesuggestthatthecorrela-
tionsshouldbeusedwithsomecautionincaseswhere(olr)
;,:0.20.It wouldbeinformativetodetermine(infuturework)
the criticalvalueof (o/r)upto which the correlations
developedherecanbeappliedwithconfidence.
4- CONCLUSIONS
An experimentalinvestigationhasbeencarriedoutprimarily
for providingreliabledataforassessingstingcorrectionson
afterbodydragat transonicspeeds.Experimentshavebeen
madeonseveralafterbodiesandstingcombinationsin the
Machnumberrangeof0.6-1.0andReynoldsnumberange
of8-9.5x 106.Measurementsmadeincludedafterbodytotal
drag(usingabalance)andbasepressure.Correlationsofbase
pressureandboat-tailpressuredragfor thestingdiameter
and flareeffectshavebeenproposedusingdimensional
arguments.Theeffectivenessofthesecorrelationshavebeen
assessedbycomparisonwithadditionaltestcasesgenerated
in thisstudyandwithearlierdata.The correlationsprovide
quickandreliable stimatesof correctionstothemeasured
zero-liftdragofaxisymmetricbodies,andareexpectedtobe
validunderthefollowingconditions.
1. Contouredafterbodies:
0.6~ Moo ~ 0.95
0.2 ~ dsldb~ 0.95
O.25~ dsldm~ 0.70
; 4°~~~ 16°
i1~ 5°
2. Conicallyboat-taileo.afterbodies:
0.6 ~ M",~0.90
0.2 ~ dsldb~ 0.95
0.25~ dsldm~ 0.70
; 4°~ ~+~ 12°
9 ~ 5°
+(If ~~8°,thecorrelationsarevaliduptoMoo= 0.95).
The mostimportantrequirementfor theapplicabilityof the
correlationsis thatthe turbulentboundarylayerflow on the
afterbodymustbe attachedunderall conditions.Otherwise,
noevidenceof Reynoldsnumbereffecthasbeenobservedin
thecorrelations.Flowseparation theafterbodycangive
risetoeffectsverydifferentfromthosestudiedhere.
It is unlikelythatgeneralisedcorrelationsof the kind
proposedherecanbeextendedto highertransonicMach
numbers(say,1-0-1.20)sincetheflowfield,ingeneral,may
be expectedto be highlyMachnumbersensitive;further-
more,thedatamaybecomesensitiveto thedetailsof the
afterbodyshape,modelsupportsystemandinterferencefrom
tunnelwalls.
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APPENDIX 1: EXPRESSIONS FOR ESTiMATING STING
CORRECTIONS
From Section3.3,wehave
£:,Cpb= 6Cpb(ds) + £:'Cpb(O)
£:,CDp= 6CD!3(ds)+ £:,CD!3(O)
Thefollowingexpressionsmaybeusedforestimatingsting
correctionsfrom the correlations.
(i) £:'Cpb(ds)= 0.08 (dJdb)2
for0.2~ dsldb ~ 0.75
. (AI)
(Fordsldb? 0.75,themeanlineshowninFig. 11istobe
used.)
(ii) £:'Cpb(O)= Kl (00)
whereKl = 0.015(~= 4° - 8°)
=0.01(~=12°- 16°)
. (A2)
(iii) £:,CD!3(ds)= K2 (dsldm)1'35 . (A3)
whereK2 =-0.025 (~= 4°)
= -0.048(~= 80)
= -0.064(~= 12°)
= -0.092(~= 160)
(iv)6CD!3(O)= K3(00)
whereK3= -0.0025 (~= 4° - 80)
- -0.0045 (~= 12°- 16°)
. (A4)
Note:Valuesof KI, K2andK3maybelinearlyinterpolated
forintermediatevaluesof~.
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